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Mobile DNAs: The Poacher Turned
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John F.Y. Brookfield
The selfish DNA hypothesis imagines the genome
as an ecological community, a collection of inter-
acting DNA sequences with differing evolutionary
origins and potentially different interests. We are
now finding out more about the ways in which host
sequences can enlist the help of formerly parasitic
DNAs.
Genome projects are confirming that a large pro-
portion of the genomes of multicellular eukaryotes
consists of interspersed repetitive sequences. This
brings into focus a major question about these mobile
or formerly mobile elements, which is the extent to
which they contribute to the adaptive evolution of their
hosts. A new study of a gene derived from a gypsy-
like retrotransposon [1], published recently in Current
Biology, shows a clear example of a sequence derived
from a mobile DNA being advantageous to its
mammalian hosts.
Since the first discovery of mobile DNAs in
genomes, scientists have asked how these sequences
can be explained by evolution by natural selection.
The most obvious selective mechanism, and the one
initially suggested, is that they increase the fitness of
their carriers. In her Nobel-prize-winning work on
mobile DNAs of maize, McClintock [2] coined the term
‘controlling elements’, reflecting her interpretation that
the movement of these elements is probably involved
in development.
Indeed, this was the standard approach to transpos-
able DNAs in genetics textbooks of the 1960s; for
example, Srb, Owen and Edgar [3] expressed the view
that “controlling sequences are of potentially great
importance in the regulation of developmental proc-
esses in the organisms in which they occur. The fact
that some of their manifestations are erratic does not
preclude their participation in regular, normal processes
of development”. At this time, pioneering molecular
experiments were revealing the large proportion of
eukaryote DNA that was interspersed repetitive, an
observation that led to the Britten–Davidson model [4]
for the control of gene expression. In this model, ‘acti-
vator’ RNAs encoded by ‘integrator’ genes seek out
and bind to ‘receptor’ sites upstream from structural
genes and bring about expression, with the integrators
and receptors constituting the majority of interspersed
repetitive DNAs.
Again, this idea was widely reported, with Lewin [5]
stressing “the model implies that most, perhaps all, of
the intermediate sequence component is concerned
with coding for or being recognized by control
elements”. (The logic of the integration mechanism
postulated by Britten and Davidson turned out to be
correct, although with transcription factor proteins
fulfilling the role of activators and their short DNA
targets being the receptors.) But the finding that inter-
spersed repetitive DNAs in Drosophila melanogaster
changed positions between individuals with no
apparent phenotypic consequence ruled out their
generally having a position-dependent functional role.
The purpose of these examples is to emphasise that
the first reaction to the discovery of mobile DNAs was
to seek to explain them in functional terms. Only in 1980
did the idea take hold that these mobile elements are
parasitic or ‘junk’ DNA sequences [6,7]. In addition to
the mobility of these sequences between individuals,
the structural and sequence similarity between one
type of interspersed repetitive sequence, the so-called
long terminal repeat (LTR) retrotransposons, and retro-
viruses seemed to confirm that they are indeed not
acting in the interests of the host.
This apparent Kuhnian paradigm shift has recently
been revised, however, and many have stressed the
functional consequences of the activities of mobile
DNAs. Mobile DNA elements certainly are mutagens —
and mutation has been described as the ultimate build-
ing block of evolution — but it appears that any adap-
tive role that they have in eukaryotes is not simply the
consequence of their creating adaptive mutations. In D.
melanogaster, for example, mobile DNA insertions are
almost never seen at high frequencies in populations,
and such high frequency sites would be expected if ele-
ments sometimes generated advantageous mutations.
But many researchers are now noting cases in which
interspersed repetitive DNAs, the initial genomic inser-
tion of which may well have been neutral or weakly
deleterious, have subsequently been co-opted to serve
functional roles [8–11]. 
One of the best examples of a mobile element that
has generated a gene subsequently maintained by
selection has now been described. Lynch and Tristem
[1] report the finding of a large open reading frame in
the mammalian genome which encodes a protein, or
proteins, with sequence similarity to polypeptides
encoded by LTR retrotransposons of the gypsy class —
specifically the capsid, protease, reverse transcriptase,
ribonuclease H and integrase domains. The sequence
was initially identified in humans as Human retrotrans-
poson 1 (Hur1) [12]. Now, however, the sequence has
also been identified in the sheep, mouse and rat
genomes [1]. In the case of mouse and humans, the
genes are clearly orthologous. This lack of movement,
coupled with the absence of LTRs, shows that the
sequence is not an active retrotransposon.
Nevertheless, the amino-acid sequence of the Hur1
protein and its orthologs is clearly under selective
constraint. All comparisons between the sequences
from different species yielded dN/dS ratios in the
range from 0.23 to 0.32, and significantly below 1.0.
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The ratio of nonsynonymous (dN) to synonymous (dS)
nucleotide changes in a gene can give evidence for
purifying selection, as a sequence such as a pseudo-
gene evolving without selective constraint would have
a dN/dS ratio of 1.0. However, conserved amino acid
sequence motifs which are known to be responsible
for proper functioning of polypeptides in the retro-
transposon lifestyle — such as the CHR domain of the
Pol gene product and the Cys-His box of Gag — have
not been maintained in Hur1. The creation of a single
open reading frame including both the Gag and Pol
genes is also not seen in the gypsy retrotransposons
themselves.
The Hur1 sequence certainly has a function for its
mammalian hosts, but what is this function? Without
question, we do not know, but one idea is that this
sequence has a role in restricting infection of gypsy-
type retrotransposons in mammals. Active gypsy-like
retrotransposons are rare or absent in this class of
vertebrates, and Lynch and Tristem [1] speculate that
Hur1 and its orthologs may be responsible for this
genome protection.
There are plenty of precedents that have been
described in other species for the acquisition of function
by mobile DNAs. For the Drosophila P element, which
has often moved between species through horizontal
transfer, so-called ‘domesticated elements’, which have
acquired new functions [13,14], have been described in
some Drosophila species. Some of the domesticated P
elements encode repressor-like proteins and one can
imagine that these might protect the genome from inva-
sion by active members of the same family. 
But how does the evolution of such protective
domesticated elements take place? At a superficial
level, it obviously seems beneficial to have the host
population protected from mobile elements by
domesticated versions of the same elements. But, in
reality, how strong will be the selection to maintain a
protective allele? If horizontal transfer events of
transposons or retrotransposons are rare, and affect
only a small subset of the population, it is not
obvious that these will constitute strong enough
selection to maintain the coding sequence of a
domesticated element. Furthermore, it is not clear at
what level any such protection would be generated.
Are elements to be prevented from entering the cell
at the moment of a potential horizontal transfer? Or
is their subsequent movement between chromosome
locations attenuated in some way? The selective
consequences for a restrictive allele would be very
different in these two scenarios. However, gypsy
is not a typical retrotransposon — it is known to be 
the chromosomal proviral stage of an infectious
retrovirus, at least in D. melanogaster. With these
sequences being abundant in the genomes in fungi,
invertebrates and some vertebrate classes, mamm-
alian ancestors will have been continually exposed to
gypsy retroviruses derived from these other groups.
It is possible that this continued retroviral attack may
indeed have constituted a strong enough force to
maintain a protective sequence. Mammals may thus
have used these once-parasitic sequences for their
own ends.
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